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TUb juvculioii idBtes to InnUii^itiinocHw prosthesis and incihifei & method of 
fittmg a|nosQierishawi|gatcmfCTtin^ 

Anqputatloii of Bute ot di^ts can oocnr due to tnuiiui or because} of sm^gtcal 
icmovaL Exmnples of tcauooa indDde loss of fing^ xi imchinray lyypjriffut^ loss of 
Goibsiiicar accidents or as a result of iBodnn^ Sucgical removal can also 

be i nd fcat e d as a result of caidio-yBscoIar iSsease^ diabetes and cancerous tumoura to 
the bone or soft tissues. 

After ffmpitatiop, it is common to & ancKtemalendo^aosthoticdevioe that is 
attadbedto diebody vial^addniatiafioe* This oonmauiViDmlves the nnnafictDre 
of a custom-made socket iwfaich is secured to the stunqi usmg stnps or danq>a. A 
of dfaadvantages adae flcun the use erf" such eodo-fuosllKtiB devices. For 



(1) Skin is not a saOsfiactocy high load bearmg structure Bod ofieti breaks 

SQies are fixnned vriudi are di£BcQit to beaL 

(2) Ghai«BS]nfl»diap6 0f1iKstnnq^inqrfflcaafl^ 
socket' is lenuired^ 

C3) The nap of gpchrta fer tmce&wing Ac gtmnji «im»iffn^ pffwi^ fynd 



(4) Wlxre a joint is mvobedL tibecQdennlprasdiBn 
muscte groups situatod at a distance fipm the attached prosthesis and tfaercfijre motion 



A nagor object of tte present iavention is to provide a prosthesis vdudi 
ovgDomfis some or all of the above disadvantages, 

AoeoR&ng to one aspect of the present inventbn fine is pcovkled a 
trenscataneons prosdiBas ^dncfa compris es a first conq)onent duped fixr hnplantatk^n 
ffliD abone^asecoadconyooentiigeodedJSglocatk^ 

die second component having a snx&ce tiealmeii. for stiimJaiiou of flhrohhetic cett 
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pndifisfatkm and w n < K*m«»nt of ^yiriwiM oeOs and a tfmd oampomit irim i 1»»d ibr 
kx:atxm exterior to 'die t^tn snrfeee havmg a fciw mrfacse encjgy wfakA deters bacterial 

The prostl^sis iHDvided by the jaesait inveotkm is thus an intra-osseous 
transcutaneous jmsthesis (TTAP) and has a mmsber of ad?aitiagBS. For example, the 
fiist conqpooeot is attached dkecfljr to load-bearing parts of the bony dodet on i audi 
ttnt k>adistian8nuttedtibroiig|ibone« ThfaPEBansflBttfaepalinnt is able to apply tnodi 
more power to tbo piosthesia. Also, motion and peiception of movement is more 
natural becaose of the bone attacbniBnt Mareoveit; because Use ddn takes no part in 
ttaiMinitlHjg the load fiom the bone Co tbe external part of the prosAesia^ there is no 
pieasme on the akin surftcc whtch would cause inflHimiMf inn or disouaifiirL 

The first component is fimned with some suitable means Sx preventing 
rotation of the component in tte bone ^riAdh wuf comprise flitBS ot gtoovea or 
jSmctionallrshmlBr duped aotfioeSb These surfioeamagr be abped to fit the profile of 
the intramedu&Biy carvity» ^«l»e present A]so» fl» first unnwH i cut is prefeal^r 
laovided iwitfa a snr&ce U e alm e ul ^rineh caeonragiBS- osseous mt^jwtian. Suitable 
9ud3u^ treal mftiils mrinde hydroaq/ipatte Clinch h a tydmted CTfcwmi phuaffiiale; The 
surlwig may abo be flnui e J wtth smaE aptatuies or pits to enoountge integration 
between the bone and fiie first c onnKn icai l . Where micro pits are fimooed in the 
sur&oe!, fiiesemaybeaftheorderof20to 500 micnms m dzae, prefibraUbr ^ to 100 

The second conQxmcnt extends betp^een fiie bone and tiie qsOxM 
TUs OTi nif i ii em is isovaiBd nvifii a surfiuce Ueal meu l fi»r ^dmnhMr^ fibrous tissue 
ingrowUL Again> tfaia cnm pm i w it may he treated vn&i m h ydtm e ygMil i r^ w a himft yi ^i i i 
oxide coating and the ^^'^"♦^ treated Tv8fa iHtf vdncb eooounige fi» n<<Hy » frn of 
epitheEal ceDs to the second oonxpoiasnL This conqxment may abo have a coating 
wfakii is porous to encoura^ soft tissue u jgc owtl L Mataia ls i^dncb axx>urBge audi 
giTDwdi inctode adheaon promotisg piirteius sudi as fib ron ectin or l^t wii r m t in ordor 
to aid adheaon of ttm fibron tissue to fiie aecoial oomponent, fiie bypodernm is 
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pR&nib^ siusjcal^ ccim The. 
gqal is to attach tfac skin to the mplant to prevent myv emeu t of ^ sldn and shear 
fi>ioes aepaatsog epithelial cdls at iftftrfirtr and nndeK^ymg dermis and thereby 
pei milting infeclioa to enter biilmAii tihe skin and the ytviilhrafs. 

llie tiiiid coiiqKincnt con^Hisea Ite 
a taw siirfece energy ^rtadi deters bacterid adhranon, A km aoifioe encigy can be 
achieved by coating tbSa part of the pnsdiesu with a non-stidc material audi as a 
diauxjud-Eke carbon, a fluoiBffited poljnDsr or a. sa&ose po^jmosc 

The prosthesis my be made up ftom separate ooiiiponeuts connected ti^etfae^ 
oir two or more of the cornponaots rmy be flbnned tiilcgniny and gh^en appropriate 
sut&ce treatments* 

The external couupuneot ^riD preferaUty mchide a sa&ty devfee conqporisiog a 
fiflkage which breaks imdcr on ummial k>ad sodiaSt for g™npH one caused fay the 
patient fining. This will aHowtho external conyonent to drtach fimn the skeletal and . 
txaosciitaneous c am|ionent without caosiog damage to the bone or to ti» skin. An 
adrtfftwwl feature widdi will protect the fintkm of an jntntnednDary post is an 
c art e rn a l device which fimita turmac ttananAted to the a<|iiiartHMo fisatmiL The tarqae 
transmitted may be adgnstahle so that widi trme^ the transmitted torque can be 

In a fiirthRf pee&ned ciiinHliucuL of fte srventfon the ftftrftF?^ 

cainponK ii t may be provided » as to cattcod outwardlty fiom the first and Hoed 
cmnponents in a mamcr ttat kweaws the cxtenwl sucftce area of the second 
con^xment The second a wiponail may also be provided wifli flaoqgjh hdBs which 
fifflfaer ioaeaae tbe coctemal snrftce area and albw growOi of tissoB throng^ 'die 
second cmnpanenL Uns has been found to advanl^geousiy -fiM^lifegtpt the integratian of 
the conQxiuenl with fibrous tissue growth. 

The invention is iPustrated fay &e aooompauying drawings in windr - 

fsgfOGS 1 and 2 are ^^^ruttmtsitMi vfews through part of a deer^s nnH 
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Rgme 3 is a dajgiinim atic pnt sgc&m Aowiag a txaascutaDcous pnsQicA ia 
acQOvdance wiUitiic inveotiooy fittodto a patient. 

Tigm 4 is a peiapedive vkfw of a prefined cndxidimeDt of a prosOiesis in 
acooidatice with the pre sent inventkm drawn on a larger scale oon^ored with Figure 3 . 

Refirring to tte drawiogSp ttie present nvcntioii was ia pact stimulalod fay 
study of tibe ddo-bons inter&oe aroimd red deer antlors- This is a unique structure and 
may be tiboi^ht of as a UoJogieal model for atcanscotaneous ncplanL The deer antler 
at periods of Ihe year is veiy heaviljr loaded dormg tite nit ISstolo^cal exoomadon 
indicates that the fa^ of ddn cfsft^al cdb becoov fhlDDS 
qyptoaches the antler^ snch that at the antfer-stm mtrifNoo an epithelial akia I^bct is 
on^ about one cell tidck. Tlie demns is inliiniJcl y attached to the bone (pedide) 
intorfiioe. The wttachmmt is addeved Orougl^ a aeries of ^^Shaipegv fibres** vdiich 
attach to ^be ^^^mmist sod t& the hone and pvevcodt ^fijOS^^^ cnitml don nMinwyy^Mi^ Aw^iIwfb 
do not QDzmalty^ become infieeted and lbs bone structure is invagioated with smaU 
poies meastuing 18 to 40 t^^fawng in diameter. Tins lielps the intaifiioe betwoea tbie 
cfennis and tiia bone to lesiiBt diear slvesses. These fisatures are fltaown in Ffgnes 1 
and 2 ^^fhif wr^?^Mii|THi|y *" g diaw" ^F- 

The ptDsflifiA of fte present iuveulion. is shown, in Ifguse 3 and nay be 
conridered an artificBdanalQgpe of flie deer's anfler. ThepcosftesisooiiiiaisesafiEst 
componeoC (1) windi is inserted into flie iutnuneAiBaiy canal of a bone (2). 
Compcment (1) is finned wUi loqgitoAnalbr catenA^ cnttiiig flnles ^dn^ 
theboneastheptosOiesisisimated kxto theintramednnsEy 
The ntfiK» of the CQu^wieM (1) nay be coa te d wM^ 

jnfBgrBl i oi i soch as a Iqnircay iQwtitB material aul/or be micro-pitted. The second 
component (4) extends ftom tbo end of tto bone to the sodEaoe of tiie skin. This 
oomponent may be cyfiabieal as dawn^ or oould be flattened to a musfaioaai jdu^e^ 
ttierefay hneaaing the mrSaoo area over i^rihich ibc soft tissue can be iitfyifihrd. 
CmapoxMBsst (4) is givea a sur&ce U e miaeu t to encourage attHrimnil of the e{»thcBaI 
to the in^danL Such sm&ce tAMffirartH indode gcvzog the sor&oe a mBcro-pitted 



wo 03)97718 



5 



PCT/6B0]y02771 



stracstmc snd/or cogftig Ifae siirfiioc with ftdhwricm, proteuoB such os fanfimin or 
flsoaectm ipAkfi eoocnmge ffarons growdi kilo the sucfin of tiK coiopcnifiiit (4) of 
tbe prosthesis. 

Mor to iDstalBiig die y io s l h c sa !, die hypodenms is preferaU/ singbaltir 
igpoved^Ftartfaayasuifepeisjg^^ 

ptomotes Sbecm tissue iogrowOu Suitabfe Qnteriab fiir coatmg &s sar&oe mcbxie 
ahmmia oxide ceiamics and hydroxy apBttte, TbSssar&boo,]^scSBaifyB&ja\KaDg 
a porous suT&ce tiurfiirnhjil^ s coated ^with m arihefflpn pDomotiog protein, o^ by 
sinyiiQ the protifaesis wiOi a sofation of tl» adhea^ 
the prosOiBas in a conoeDtrated aohition o^ 

into a stmle solution of the adhes&m-promotiDg proteiki prior to ioqdantation. 

Tbc ranoval of the hypodennis snrgscaOy during tiie anojmtatxm and 
irwtfaltatwi prooedore assists in mkhwm»iuih^^ aftacfatind of &e skat to the m^Amt and 

The dnrd conponBsst (5) of 'fiie prosfliesB cxieDds Ustao/^ flie jHn mwi s 
giiTOant».«tidr mrfecfemiifaiiiit^^ Smtafafe OBleads flMlude fluoisiated 

polyiutts sodi as po^ytetia tti o ro e thy iBnB^ gns^^Swf po^j^nm and ^j j ^mm tf Hoe 
cai b oiL *nr* rrntmrr trf a nn n-fiHrl r ir l hiff <ii»ftniiwig|iia i ifi < »^]f jfrrrm ^'^'^^H^ M 
Ibeproi^iesisandhi^toprBvaitinftclioix Tfasnm-stidcaaifimneiflybeappfiedlo 
die qdBciar portion of the thnd amnwn K u t (5) oamig tte tpchniqpie of ch e m&ad vapour 
dq)06itMm(CVD). TlieiiseofCVDiswBaiaiownmdisartfbrapi^^ 
^Bsmond-filDe caibon. Win api^yiqg a amfisse fa^er of £snxmd» as d 
B-0S45 542 the ggthod gengafly favotvea providmg a mhrfairR of l^ri^^i^i ^Ty^ 
gas and a aailaMp gaaBOUScartai compound sncfa as a Aydmcaghm^ a| »ply g ^ 
to tiiat gas to (Sssooate die Ig/drogen into ^t^rniirr faydrt^cn oet the oxygca 
oxygen and tihe caxbcm ixto active carbcm ions, atoms or CH racficab and allowing 
such active apecies to deposit on the substmle to fcnn diammd. Tbeevrgy tocaose 
dBft 4.>^ M tkw may be provided in a number of ways oongnon to the art, fhr ^mwyip te by 
hot fHament or by uncrowave source. A non-stick sis&oe of ftuorinated potymer or 
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silioone potymer ouy be Bf^SeA to Ibe ftacd WHi|K>Tient by po)yiDBiiaDD|g a nwfiwwncy or 
pSBpolyinBr in contact wULtho ooiuponenL 

It ssQT be conveniBnt to tpgfy the low enagjr wrfitoe Itcaitiiwnt to flie HdrI 
Goroponent ^ASe masking ^ i tP Mmig g conn»»ncaiis of the l uosflieais. Abo, the 
seoond caapcmeot of the prosthesis may be treated vnOi Ae adhcabn ^ i roi i mtiug 
pLoteiii afier ^pfdynig^ the low energy socSbcc to the Aicd coo^onent, and it msy be 
dedraUetomadcthetinrdoonqKnoent ivbileapp^ 

Hie fluid conponest may be oonneeted to an arti&iBl Hmb or digiL For 
example in the case of a lefdacemeoEt finger or pert fipgcr, the fibrst con^XMient may be 
irnptonifftd iolo tbe ieiiwiiiiHg bone with the seoond con^onent iiwtitttting tiie 
transcmancous portion, and the tfakd conaponent cartraiding beyond the severed stun^^. 

An flrtifietal d^[ft or pgft <i|gft g«i tlign be attf ff**^ CP*T*pP"CTtT 

The pcosdiesia may be implanted cilfaer in a one-slagje procedure or in a t¥ro* 
stage procedure vibae tfae first conyonent is impfantBd into the bone and aUowed to 
integFBte befine die tmnscataoeoiB part is attacked 

Hiere is shown In Sgfuto 4 a flirther peaficied cmlvwffroBnt of tiie present 
invention ^vfaerein tte aeeond compoiiBnt (4) is la an outward diroctam 

perpendkidBr to Ae fttt and tinrd UHii^wM ie iits in a plate fike finm. lUs fbatnre 
provite Ae second omnponmt (4) wiHi a kige anfine area ulndi advanlagiaoaafy 

alsoflliownniF|gnre4^ tiooqghlKikaCQ may be provided in Aep]^ 

of Aft smtmnA mmpmmnt ffl^ fcrtfagr ffff mrfmirnat% mwrSu^ ffptf ^jff ^ 

aflOWIE^ tissue to gtwwr tfwm^rh ■ftiy. ^ ffi p ^ y g yiMi feffegp fefifilw^ififg^g ■■■it ^y n^^p ^ i 

Ahfaongfa the shove d iwrar^rfin n igfewi tt% ■ aiirtiift eo yn jwni^ it y^ ifr -ffffl br Wfprmated 
Aat eadi onniponcnt amy be a portam of an iuimnJ flwiiftiil naumfadiBed firwn a 
dDgle piece of mBtcrU. It fa^ bowevec^ proftcred Aat a fibaqg^bie fii^^ 
between the flmd and second eo ni |NmBni<i or between ti» fleennd and first Myin p^mpnt ^ 
so flat m the event that a h|gfa load is appSod to tfae Azrd coTT^ponrnf , or to a member 
aftarfrf fiietgtn.fiie linTmgft winfiiir» 
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WMp flic pcescflt invegtioii has been dcscfibod ^wlh particolar lefensope to tlip 
pfoviaoiiof aprostiic^ for icplaocruent of lott d^lb or fimfas^ ffae hiveutkuiis abo 
n p pB na hh to other iHDsftesis^ri^ 
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CLAIMS:- 

1. A transcutaneous prosdiesis vAkh comprises a ftst conponent shaped 
for impbntatioii into a bonp» a second component intended for locatbn between the 
bone and the skin» the second conqx>neat haviqg a surfice treatment for sdmnladon of 
fibroblastic oeH prolilbration and «tt«rfn»ew* of cpitb^al cells and a third component 
intended for location extdior to the skat sut&ce having a low sinfice energy wbich 
deters bacterial adhesion. 

2. A prosthesis according to claim 1 ^Aerein the components are 
integrally fonned and have diflEerent sor&ce treatments. 

3« A prosthesis according to claim 1 or 2 ^^uerein tte first conqxinait has 
a surfoce treatment whidi stimulates bone growth and osseous int^ration. 

4. A prosthesis according to any one of the preceding claims iwherein the 
second coir|x>i£ei]t has a micro-pitted sur&ce. 

5. A prosthesis according to any one of tbe preceding claims iwiierein the 
surfece of the second conq>onent carries a fibronectin or laTrnnTn coating. 

6. A prosttiesis accordmg to ao^ one of the preceding claims Mdierein the 
second conq)onent gxtends outwardly from the first and third components^ 

7. A pcosOiesis acoordii^ to cbdm 6 ^^vfaerein the second con^xmait has 
through holes. 

8. A prosthesis according to any one of the jxeoednig claims vAsere the 
third component fsnries » efnifipg ctmijwisgH^ a finoro* or sificonepolyDKr. 

9. A prostfiegw ncrftTrfing tn any nre* nf tlw pfwr>*»#f fng rlftTmS ^whtPfrin the 

third component carries a coating compr^ing diamond Vlk^ carbon. 

10. A prosthesis acoordiqg to airy one of the preceding claims iwhexCTi the 
third conponent include s a fiapgflde or detadiable linkage "v^uch penmts an external 
con^onoDt to detadi in the evot that an imusuaSy high load is appBsd to the 
prosthesis. 

11. A prosdiesis according to any one of the preceding cteins in wticli the 
third oonq[x>iient is conooected to an arrificial Bmli or ^igit 
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